We analyze a 37 pb −1 data sample collected with the SND detector at the VEPP-2000 e + e − collider in the center-of-mass energy range 1.05-2.00 GeV and present an updated measurement of the e + e − → ωπ 0 → π 0 π 0 γ cross section. In particular, we correct the mistake in radiative correction calculation made in our previous measurement based on a part of the data. The measured cross section is fitted with the vector meson dominance model with three ρ-like states and used to test the conserved vector current hypothesis in the τ − → ωπ − ντ decay.
I. INTRODUCTION
The process e + e − → ωπ 0 is one of the dominant processes contributing to the total hadronic cross section at the center-of-mass (c.m.) energy between 1 and 2 GeV. The measurement of the e + e − → ωπ 0 cross section provides information about properties of excited ρ-like states and can be used to check the relation between the cross section and the spectral function in the τ → ωπ − ν τ decay following from the conserved vector current hypothesis [1] . The e + e − → ωπ 0 cross section was measured in the ND [2] , SND [3] [4] [5] , and CMD-2 [6, 7] experiments at the VEPP-2M collider at c.m. energies below 1.4 GeV, in the KLOE experiment [8] in the φ-meson region, and in the DM2 experiment [9] in the 1.35 − 2.4 GeV energy range.
In the SND experiment [10] [11] [12] [13] at the VEPP-2000 e + e− collider [14] the e + e − → ωπ 0 cross section is studied in the five-photon final state when the of ω meson decays to π 0 γ. The result of the study based on data collected in 2010 and 2011 was published in Ref. [15] . However, a mistake was made in the calculation of the radiative corrections in Ref. [15] , which led to incorrect measurement of the Born e + e − → ωπ 0 cross section. In this paper we reanalyze the 2010-2011 data sample (25 pb −1 ) and add data collected in 2012 (12 pb −1 ). The analysis is very close to that described in Ref. [15] . We correct the mistake in the radiative correction calculation and slightly modify the selection criteria of e + e − → γγ events for luminosity measurement. The analysis uses an updated version of the event reconstruction and simulation software. Therefore, the values of the efficiency corrections and systematic uncertainties are changed compared with those in Ref. [15] .
In this analysis we use the corrected values of the c.m. energy (E) obtained in Ref. [16] . The accuracy of the energy measurement is 6 MeV and 2 MeV for 2011 and 2012 experiments, respectively. The 2010 and 2011 data are combined assuming that the energy calibration is the same for the 2010 and 2011 experiments.
II. LUMINOSITY MEASUREMENT
Following the previous work [15] , we use the e + e − → γγ process for the luminosity measurement. Similar to the process under study, it does not contain charged particles in the final state. Therefore, some uncertainties on the cross section measurement cancel as a result of the luminosity normalization.
We select events with at least two photons and no charged particles. The number of hits in the detector drift chamber is required to not exceed 5. The energies of two most energetic photons in an event must be larger than 0.3E. The azimuthal (φ 1,2 ) and polar (θ 1,2 ) angles of these photons must satisfy the following conditions:
• , and (180 The integrated luminosity measured for each energy point is listed in Table I . The systematic uncertainty on the luminosity measurement estimated to be 1.4%.
III. EVENT SELECTION
For the process under study e + e − → ωπ 0 → π 0 π 0 γ → 5γ, candidate events must have at least five photons and no charged particles. The number of hits in the drift chamber is required to not exceed 5. The normalized total energy deposition in the calorimeter E tot /E > 0.5. For events passing this selection, kinematic fits to the e + e − → 5γ and e + e − → π 0 π 0 γ hipotheses are performed. The following cuts are applied on the χ 2 of the kinematic fits: χ 2 5γ < 30 and χ 2 π 0 π 0 γ − χ 2 5γ < 30. The detailed description of the kinematic fits and the selection criteria can be found in Ref. [15] . The number of signal events is determined from the fit to the π 0 γ mass spectrum with a sum of signal and background distributions. The fitting procedure is described in detail in Ref. [15] . The result of the fit to the data spectrum for the energy point E = 1494 MeV (two entries per event) is shown in Fig. 1 . The ω meson peak is clearly seen in the spectrum. The dashed curve represents the background contribution. The fitted numbers of signal events for each energy point is listed in Table I .
The experimental values of the Born cross section is determined as
where N s,i , L i , ε i , and δ(E i ) are the number of selected signal events, integrated luminosity, detection efficiency, and radiative correction for the i-th energy point. The detection efficiency for the process under study is determined using MC simulation and then corrected by (−3.9±0.7)% to take into account data-MC simulation difference in the detector response (see Ref. [15] for details). The found detection efficiency ε r is a function of two parameters: the c.m. energy E and the energy of the extra photon E r emitted from the initial state. The efficiency in Eq. (1) ε i = ε r (E i , E r = 0). The radiative correction is determined from the fit to the visible cross section data (σ vis (E i ) = N s,i /L i ) with the 
where F (x, E) is a function describing the probability to emit extra photons with the total energy xE/2 from the initial state [17] . The Born cross section is described by the following formula [15] σ(E) = 4πα
where α is the fine structure constant, F ωπγ (E 2 ) is the γ * → ωπ 0 transition form factor, B(ω → π 0 γ) is the branching fraction for the ω → π 0 γ decay, and P f (E) is the phase-space factor. In the narrow ω-resonance approximation P f (E) = q 3 ω , where q ω is the ω-meson momentum. The transition form factor is parametrized in the vector meson dominance (VMD) model as a sum of the ρ(770), ρ(1450), and ρ(1700) resonance contributions:
where g ρωπ is the ρ → ωπ coupling constant, f ρ is the γ * → ρ coupling constant calculated from the ρ → e + e − decay width, D ρi (E) = m 2 ρi − E 2 − ıEΓ ρi (E), m ρi and Γ ρi (E) are the mass and width of the resonance ρ i . The formula for Γ ρ(770) (E) is given in Ref. [15] . For the ρ(1450) and ρ(1700), the energy-independent widths are used.
The free fit parameters are g ρωπ , m ρ(1450) , Γ ρ(1450) , and the relative amplitudes (A i ) and phases (ϕ i ) for the ρ(1450) and ρ(1700). Since the ρ(1700) contribution is found to be small, its mass and width are fixed at their Particle Data Group (PDG) values [19] . The data from this work are fitted together with the cross-section data obtained in the SND@VEPP-2M [3, 4] and KLOE [8] experiments. The model describes data well (χ 2 /ν = 71/73, where ν is the number of degrees of freedom). The obtained fit parameters listed in Table II (Model 1) are used to calculate the radiative corrections.
The experimental values of the Born cross section obtained using Eq. (1) are listed in Table I together with the values of the detection efficiency and radiative correction. The quoted errors are statistical. The systematic uncertainties (see Ref. [15] for details) are summarized in Table III for three energy intervals. Compared with Ref. [15] there is no the systematic uncertainty associated with data-MC simulation difference in photon conversion. In this analysis, the photon conversion probability before the drift chamber is measured with high accuracy using e + e − → γγ events.
V. DISCUSSION
The measured e + e − → ωπ 0 → π 0 π 0 γ Born cross section is shown in Fig. 2 in comparison with the previous measurements [3, 4, 7, 9] . Our data are in agreement with the SND@VEPP-2M and CMD-2 measurements below 1.4 GeV, but exceed the DM2 data in the energy region 1.35 − 1.75 GeV. After correction of the mistake made in Ref. [15] , the Born cross section increases by 2% at E = 1.1 GeV, 6% at 1.4 GeV, 12% at 1.6 GeV. Dramatic changes are observed above 1.8 GeV, where the cross section in Ref. [15] was consistent with zero. The measured cross section is well described by the VDM model with two excited ρ-like resonance. The fitted mass and width of the ρ(1450) resonance listed in Table II are in reasonable agreement with the corresponding PDG values. The contribution of the ρ(1700) resonance is small. We also perform a fit with one excited resonance (Model 2 in Table II ). From the difference of the χ 2 values for Models 1 and 2 we determine that the significance of the ρ(1700) contribution is 3.7σ.
Using the fit results and the branching fraction B(ω → π 0 γ) = (8.88 ± 0.18)% measured by SND [18] , the products of the the branching fractions are calculated to be 
In Fig. 3 we show our result on the normalized γ * → ωπ 0 transition form factor in comparison with the data obtained from the ω → π 0 µ + µ − decay in the NA60 experiment [20] . The F ωπγ (0) value is calculated from the ω → πγ decay width measured by SND [3] using the formula
E ( where P γ is the decay photon momentum. We modify our form-factor model to provide correct normalization at zero:
The parameters of this model obtained from the fit to the SND and KLOE data are listed in Table II (Model 3) . The normalization requirement leads to worse but still acceptable fit quality. The fitted curve is shown in Fig. 3 . It is seen that the VMD model cannot describe simultaneously the e + e − → ωπ 0 and ω → π 0 µ + µ − data. The CVC hypothesis and isospin symmetry give the relation between the e + e − → ωπ 0 cross section and the τ − → ωπ − ν τ decay width [1, 21] 
where |V ud | is the Cabibbo-Kobayashi-Maskawa matrix element, m τ is the τ lepton mass, G F is the Fermi constant.
Integrating the fitted curve shown in Fig. 2 we obtain Γ(τ − → ωπ − ν τ )B(ω → π 0 γ) = (3.76 ± 0.04 ± 0.10) × 10 −6 eV. Using the PDG value of the τ lifetime [19] and the SND result for B(ω → π 0 γ) [18] we calculate
The calculated branching fraction is in good agreement with the experimental value (1.96 ± 0.08) × 10 −2 that was obtained as a difference of the PDG [19] values for B(τ − → ωh − ν τ ) and B(τ − → ωK − ν τ ).
VI. SUMMARY
The e + e − → ωπ 0 → π 0 π 0 γ cross section has been measured in the energy range of 1.05-2.00 GeV in the experiment with the SND detector at the VEPP-2000 e + e − collider. We correct the mistake in the radiative correction calculation made in our previous work [15] and increase the statistics. The results presented in this paper correct and supersede the results of Ref. [15] . Our data on the e + e − → ωπ 0 cross section in the energy range 1.4-2.0 GeV are most accurate to date. Below 1.4 GeV they agree with the SND@VEPP-2M [3] and CMD-2 [7] measurements. Significant disagreement is observed with DM2 data [9] in the energy range 1.35-1.75 GeV.
Data on the e + e − → ωπ 0 cross section are well fitted by the VMD model with the ρ(770), ρ(1450), and ρ(1700) resonances. However, this model cannot describe simultaneously the data on the γ * → ωπ 0 transition form obtained from the ω → π 0 µ + µ − decay [20] . We have also tested the CVC hypothesis calculating the branching fraction for the τ − → ωπ − ν τ decay from our e + e − → ωπ data. The calculated branching fraction agrees with the measured value within the experimental uncertainty of about 5%.
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